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Abstract 
Measuring behavioural differences for captive Sumatran tigers (Panthera tigris sumatrae) is a useful tool for the 
optimisation of captive environments and animal welfare. Behavioural differences can be measured by comparing 
several individuals and by comparing days with enrichment to days without enrichment. The behaviour of two 
individuals can vary for reasons such as age and sex, where age can play a part in the activity level of an individual 
as well as age-related diseases can impact behavior. Using statistical analyses on data collected by observing tigers 
(n=4) in Aalborg Zoo, Denmark, throughout 15 days, it was possible to visualize and calculate significant changes 
in behaviour when comparing enrichment and control days. The main focus of this study was the individual 
behavioural differences on enrichment and control days. All individuals showed increased activity on enrichment 
days. This study also aimed to investigate whether meloxicam had an effect on the behaviour of an aged male 
Sumatran tiger as a tool to assess if he had pain. No significant behavioural changes were observed in the behaviour 
of the tiger with or without meloxicam treatment. In conclusion, there were differences in the behaviour of 
individuals of different age and sex and how the individuals reacted to enrichment.  
Keywords: Behavioural reaction norms; enrichment, ethogram, stereotypy 
Introduction 
The Sumatran tiger (Panthera tigris sumatrae) lives in isolated populations on the islands of Sumatra, 
Indonesia (Wibisono and Pusparini, 2010). The Sumatran tiger is listed as critically endangered by the 
International Union for Conversation of Nature (IUCN) due to loss of habitats, illegal trade and prey-based 
depletion (Linkie et al., 2008). It is difficult to obtain precise numbers on the global population of the 
Sumatran tiger (Luskin et al., 2017), however according to IUCN, the population of Sumatran tigers is 
lower than 400 individuals in 2021 (IUCN, 2021). 
Because of the listing as critically endangered by the IUCN, a recovery target for the Sumatran tiger is 
set internationally in 2010 to double the individuals in the wild before 2022 (Wibisono and Pusparini, 
2010). The longevity of captive felids is increasing due to improved husbandry and veterinary care. It 
is therefore expected to see the incidence of age-related disease rising in captive animals. Degenerative 
conditions such as chronic renal failure and osteoarthritis are some of the major age-related diseases 
that are commonly reported in captive large felids (Longley, 2011).  
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These diseases are likely painful and can have a negative impact on animal welfare (Longley, 2011). 
The average behaviour of an animal and its changes in behaviour over time can be classified by the 
behavioural reaction norms (Dingemanse et al., 2009). The behavioural reaction norms specify the 
relationship between environmental conditions and response value (Dingemanse et al., 2009). A reaction  
norm is commonly known as the relationship between a behavioural response of an individual when 
applied to the same genotype (Dingemanse et al., 2009). Under various conditions, different consistent 
reaction norms can vary, e.g. enrichment, stress and population density (Santicchia et al., 2020; 
Montiglio  et al., 2012; Luo et al., 2019). 
Wild animals are kept in captivity for the purposes of conservation, education, research and recreation 
(Pitsko, 2003). If the enclosures do not provide opportunities for natural behaviours such as climbing, 
predation, stalking, and swimming, the animals can develop abnormal and stereotypic behaviours (Pitsko,  
2003). It is difficult to mimic a natural environment for tigers in captivity due to their extensive territories 
ranging from 7 to 1000 km2 and their natural predatory hunting behaviour in the wild (Pitsko, 2003; 
Biolatti et al., 2016). The enclosures can be a stressful environment for the tigers if they feel threatened 
or exposed. This can be minimized by providing hiding spaces for the tigers in the enclosures (Clubb 
and Vickery, 2006). Captive tigers and other big felids have a tendency to respond negatively in the 
shape of stereotypic behaviour, such as pacing, and are therefore much more vulnerable to welfare issues 
than their  wild counterparts (Biolatti et al., 2016). 
Stereotypic behaviour such as pacing can be a sign of stress and tigers showing more stereotypic 
behaviour have showed signs of higher levels of the stress hormone cortisol in their feces (Clubb and 
Vickery, 2006). Wilson et al. (2019) studied how the personality of an individual animal differs when 
coping with stress and how this could be beneficial to animal welfare. Wilson et al. (2019) defines 
personality as "Individual differences in behaviour and emotion” and is expressed in variation through 
one individual’s reaction and behaviour in a specific situation. A way of visualising the variation is 
through a reaction norm plot. The personality differs from each individual, and these differences in 
behaviour for  each individual are even more evident when comparing males and females, as well as the 
individuals differences in age (Wilson et al., 2019; Rouck et al., 2005). Female tigers in captivity have 
shown to be more easily negatively affected by the presence of another tiger, often males, whereas male tigers 
are not as easily affected by the presence of a female tiger (Rouck et al., 2005). 
Enrichment is used for many different species in captivity and research shows that different kinds of 
enrichment, some more species-specific than others, can decrease stereotypic behaviour (Metter et al., 
2008). Enrichment is used as a stimulation for the animal, both psychologically when smelling and 
thinking, and physiologically in strength and moving around the enclosure (Pitsko, 2003). Although not 
every type of enrichment has the same effect on every captive animal, nor for every individual of the 
same species, its primary purpose is improving the general welfare of the captive animals (Metter et al., 
2008). 
This study aims to understand how behavioural reaction norms/behavioural responses differ among 4 
Sumatran tigers, as well as determine the influence of age and sex on the personalities of the individuals. 
Age-related diseases, often with symptoms of pain, are common in captive felids such as Sumatran 
tigers. Therefore, this study aims to investigate if the behaviour of an old male tiger changes when he is 
given the non-steroid anti-inflammatory drug meloxicam. 
Methods and materials 
Subjects   
The four subjects included in the study were a 5-year-old breeding female Sumatran tiger, a 17-year-old 
breeding male Sumatran tiger and their two male cubs of 1.5-years-old. 
Enclosure    
The enclosure consisted of two outdoor areas and two indoor areas, all visible to guests at Aalborg Zoo 
(see Figure 1). The two outdoor areas were connected resulting in one large continuous enclosure. The 
outdoor areas were constructed by earthy ground with bushes and trees, some rocky terrain, a pool with 
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water, and with two overlooking towers for guests. The area of the complete outdoor exhibit was 
approximately 627 m2. 
The largest of the indoor areas could be divided into three separate areas, and thus used as a way of 
separating the tigers during feeding, enrichment and other. Each of the three small enclosures had a door 
to the largest of the outdoor areas, as well as a raised platform in each. One of the three enclosures also 
had a door to the smallest outdoor enclosure. The second indoor enclosure was approximately the size 
of one of the three smaller enclosures but had no raised platform. 
 
Figure 1: Map of the Sumatran Tiger enclosure at Aalborg zoo. The exhibit housed an adult male and 
an adult female tiger as well as their two male cubs. The placement of the seven cameras used for 
surveillance is marked. Only the coloured-in areas are accessible to the tigers. 
Enrichment  
All enrichment was designed by the animal caretakers in Aalborg Zoo. Information regarding the days 
and type of enrichment are provided in Table 1. In total there were eight days with enrichment and seven 
control days. 
Table 1: Schedules for enrichment during week 42, 43, and 44 as well as a description of the components 
of each enrichment. The time of enrichment differs throughout the days and does not occur in a consistent 
pattern throughout the weeks. Enrichment could occur at any day of the week and could also be combined 
with the feeding of the tigers. 
Week 42 
 Activity and time, am Activity and time, pm 
Monday Inside, 10 am: Cocoa powder, cardboard 
boxes and blood 
Outside, 2 pm: Plastic lid and ball 
Tuesday   
Wednesday Inside, 8 am: Cardboard boxes when feeding Inside, 3 pm: Cardboard boxes and cold coffee 
Thursday  Inside, 2:30 pm: Water, hose with meat, 
hammock 
Friday   
Week 43 
 Activity and time, am Activity and time, pm 
Monday   
Tuesday Outside, 11:30 am: Cinnamon and perfume Inside, 2:45 pm: Cardboard boxes 
Wednesday   
Thursday   
Friday Inside, 11:20 am: Cardboard boxes and 
boiled eggs 
Inside, 4:20 pm: Cardboard boxes and 
rabbit scent 
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Procedure   
Observations began on October 12th, 2020 and lasted until October 30th, 2020, with observations all 
weekdays from 8 am (UTC+2 and UTC+1) to 3:30 pm (UTC+2 and UTC+1), in total 15 days each with 
7.5 hours of video observations. The surveillance was conducted by seven Kitvision Venture 4K action 
cameras, placed around the enclosure, which made both the outdoor and indoor areas observable, and 
ensured minimal blind spots (see Figure 1). 
The adult male was given meloxicam for 14 coherent days, with an initial dose of 0.2 mg/kg and then 
maintained on 0.1 mg/kg daily.  
Data Analysis   
Based on a previous study by Linder et al. (2020) an ethogram with minor tailoring was created (see 
Table 2). The ethogram consists of seven different behaviours: ’Social activity’, ’Play’, ’Locomotion’, 
’Inactive social’, ’Inactive nonsocial’, ’Other’, which also contained blind spots and ’Stereotypic 
pacing’ as described in the introduction (see Table 2).  
Table 2: The behavioural ethogram used in this study. 
Behaviour Description 
Social activity Interaction between two or more individuals, can be shown as fighting, playing, 
grooming, hissing etc. with another subject 
Play Playing alone, for example with enrichment 
Locomotion Walking from A to B, both indoors and outdoors 
Inactive social Sitting, laying and sleeping with or close by another subject 
Inactive nonsocial Sitting, laying and sleeping alone 
Other Drinking, eating, self-grooming, urinating and when subject is located in a blind spot 
Stereotypic pacing Walking in the same path for more than 1.5 repetitions 
Analysis of the data was conducted in RStudio® version 3.6.2 (RStudio® Team, 2019). When analysing 
the data, it was decided to keep outliers as described by Linder et al. (2020). 
Mean, median, variance, Q1, Q3, IQR, skewness, kurtosis, and percentage of behaviour for the specific 
day and week were calculated for all data sets. From the calculated data, a stacked bar plot for every 
subject for pooled enrichment and control days and for the adult male for each day was created to see 
the proportion of time spent on each behaviour, as well as the difference for each individual. Reaction 
norm plots were also created in order to visually compare the medians, variances, skewness and kurtoses 
of each individual. 
χ2 tests were conducted for percentage of time, median, variance, skewness, and kurtoses, and had the 
purpose of testing whether or not each week was significantly different from the others. P-values <0.05 
were considered significant. 
Furthermore, Mann-Whitney U tests were carried out, testing the differences in medians for control days 
and days with enrichment. P-values <0.05 were considered significant. 
  
Week 44 
 Activity and time, am Activity and time, pm 
Monday  Inside, 1:35 pm: Cardboard boxes, 
ball, paprika and cold coffee 
Tuesday   
Wednesday Outside, 9:30 am: For the adult female; hung meat  
Thursday  Inside, 3:30 pm: Cardboard box 
Friday   











The proportion of time the adult male spent on each type of behaviour differed between each day and 
week.  Figure 2 shows that  the  adult  male  spends  the  majority  of  his  day  as  ’Inactive  nonsocial’. 
Furthermore, behaviours such as ’Locomotion’, ’Other’ and ’Stereotypic pacing’ occupied the majority 
of his time during a day.
The exact percentage of time per day spent on ’Inactive nonsocial’ was between 52.09% and 77.31% 
for  week 42,  49.19%  and  63.84%  for  week  43,  and  53.16%  and  82.36%  for  week  44  (see Figure 
2). The proportion oftime spent on ’Inactive nonsocial’ was approximately between the same intervals 
for all three weeks,and the χ2 test showed no significant difference between the three weeks of 













The stacked bar plots in Figure 3 and 4 were from pooled data containing all days with enrichment as 
E, and all control days, i.e. days without enrichment, as C. Figure 3 showed a comparison of proportion 
of time between two subjects: the adult male and female. 
Despite a visible difference in Figure 3, results from the χ2 test showed no significant difference in 
neither ’Inactive nonsocial’ nor ’Stereotypic pacing’ for both the adult male and female (see Table A1 
in Appendix A). Results from the Mann-Whitney U test showed a significant difference for the adult 
male in ’Play’ for the first enrichment day (E1) with the median for the behaviour being greater than all 
the control days (p <0.01). For the behaviour ’Social activity’ for the adult male the Mann-Whitney U 
test showed a significant difference between enrichment day eight (E8) and all control days. Here the 
median for ’Social activity’ was greater for all control days than for E8 (p <0.05) (see Table B1 in 
Appendix B). A significant difference in ’Stereotypic pacing’ for the adult female between enrichment 
day five (E5) and all control days in addition to other enrichment days was observed. For E5 the 
behaviour ’Stereotypic pacing’ occurred less compared to all other days (p <0.05) (see Table B2 in 
Appendix B). 
(a) Week 42 (b) Week 43 
Figure 2: a-c: Proportion of time in percent the adult male has spent on every behaviour for each 
observed week. Each colour represents a specific behaviour, which is defined on the right. 
(c) Week 44 
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Figure 3: Stacked bar plot for the adult male and the adult female, showing the proportion of time spent 
in pooled data for enrichment days (E) and control days (C). Each colour represents a specific behaviour 
defined on the right. The x-axis shows the percentage of time the tigers spent on each behaviour. 
In Figure 4 a comparison of proportion of time between Cub 1 and Cub 2 is shown. Visibly there was 
no remarkable difference between the two subjects for days with enrichment and control days, although 
a difference between enrichment and control days could be seen. The Mann-Whitney U test confirmed 
the results for both Cub 1 and Cub 2, showing that they had similar behaviour.  
For both Cub 1 and Cub 2 a significant difference was found in ’Social activity’ for E8 compared to the 
control days. It showed that the median for ’Social activity’ was greater on control days than on E8 (p 
<0.001). For the behaviour ’Locomotion’ a significant difference was found between enrichment day 
four (E4) and all control days, where the median for ’Locomotion’ was greater for E4 than for all control 
days, except control day seven (C7) which was greater than E4 (p <0.05) (see Tables B3 and B4 in 
Appendix B). 
 
Figure 4: Stacked bar plot for Cub 1 and Cub 2, showing the proportion of time spent in pooled data 
for enrichment days (E) and control days (C). Each colour represents a specific behaviour, which is 
defined on the right. The x-axis shows the percentage of time the tigers spent on each behaviour. 
Behavioural reaction norms for testing difference between enrichment and control days 
Slope plots were created in order to visualise the reaction norms of each individual. The slope plots in 
Figure 5 and 6 shows that Cub 1 and Cub 2 had very similar reaction norms. They only differ in variance 
for the behaviours ’Social activity’, ’Play’, and ’Stereotypic pacing’. The variance for Cub 2 for the 
behaviour ’Social activity’ for enrichment days was high (variance for E = 6390835) in comparison to 
Hangstrup et al, 2021. Genet. Biodiv. J , 5(2); 33-52 
39 
the other individuals (p <0.001) (see Table A3 in Appendix A), therefore that point is not visible in the 
plot. In ’Play’ a significant difference in medians was found for the adult male and Cub 1 (p <0.001) 
(see Table A2 in Appendix A), whereas despite a visual difference in Figure 5, no significant difference 
was found for the adult female and Cub 2 between control days and enrichment days. 
In Figure 6 for ’Stereotypic pacing’ all but Cub 1 shows a decrease in median. The median for the adult 
female was higher than the other subjects, even though there was no significant difference for the adult 
female in ’Stereotypic pacing’. A significant difference was found for the adult male, Cub 1 and Cub 2 
for the same behaviour (p <0.01) (see Table A2 in Appendix A). The decrease in ’Stereotypic pacing’ 
in median for the adult female in Figure 6 shows that she paces for shorter periods of time on enrichment 
days, but Figure 3 showed that the total proportion of time spent on ’Stereotypic pacing’ was higher on 
enrichment days. 
The slope plot for medians of the behaviour ’Inactive nonsocial’ shows that the adult male was inactive 
for shorter periods of time on enrichment days than on control days. The same was shown in the plot for 
variance, as the enrichment days seem to have a much lower variance than the control days. 
The slope plots for skewness shows that most of the data is skewed to the right, which indicated that the 
tigers mostly had done each behaviour for shorter periods of time. The skewness for ’Play’ and 
’Stereotypic pacing’ for Cub 1 on control days were negative (see Figures 5 and 6), which indicated that 
Cub 1 had played and paced for longer periods of time on control days compared to enrichment days. 
Although, the only nonsignificant behaviour in the χ2 test in Table A4 in Appendix A for Cub 1 was 
’Inactive nonsocial’. 
The kurtoses were increased on enrichment days for most of the tigers for most behaviours, which 
indicated that most of the data was closer to the median on enrichment days, than control days. For Cub 
1 the kurtosis was decreased for ’Locomotion’ and ’Inactive nonsocial’, therefore the data was spread 
out more widely around the median for those two behaviours on enrichment days. Furthermore, the 
kurtosis for the adult female was also decreased on enrichment days for the behaviour ’Inactive social’ 
(see Figures 5 and 6). Although, the χ2 test showed that all behaviours for the adult female and Cub 1 
were significant (p <0.001) (see Table A5 in Appendix A). 
Discussion  
Behavioural reaction norms and personality 
In Figure 3 and 4 the adult female shows more ’Stereotypic pacing’ than the other three tigers both 
during enrichment days and control days. A study by Bertocchi et al. (2015) shows similar results, where 
the male in the study did not show stereotypical behaviour, while the female did. 
Furthermore, Rouck et al. (2005) shows pacing from all individuals in their study, which were all female, 
and discusses whether this can be due to the visibility of other big felids and prey animals in neighboring 
and visible enclosures from the tiger’s perspective. This behaviour is observed in this study as well, as 
the adult female often shows ’Stereotypic pacing’ behaviour near the neighboring lion enclosure, as well 
as fencing from where visitors and caretakers walking reindeer are visible. Rouck et al. (2005) also 
discuss how the housing of the captive animals, such as tigers, affect the percentage of time spent on 
stereotypic behaviours such as pacing. For pair-housed animals with neighbours, which is similar to the 
circumstances in Aalborg zoo, the average percentage of stereotypic pacing is 21.3%, whereas the adult 
female in this study’s average percentage is 43.26%. The average percentage of time spent on 
’Stereotypic pacing’ for the adult female is approximately double the percentage from observations 
made by Rouck et al. (2005). This could be explained by the numbers of tigers in the same enclosure, 
where only pair-housed animals were observed by Rouck et al. (2005) whereas the adult female in this 
study is housed with three other male tigers. The lowest observed percentage of time spent on 
’Stereotypic pacing’ by Rouck et al. (2005) is 4.67%, for pair-housed animals without neighbours, 
which indicates a higher level of stereotypy in tigers when housed next to other big felids. 
Cub 1 and Cub 2 are brothers and are born in Aalborg Zoo. Due to the same age, environment, and 
parents their differences in behaviour, apart from what may be caused due to dizygosity, are not expected 
to be affected by these parameters. In Figure 4 a slight difference in ’Stereotypic pacing’ between the 
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cubs can be seen, where Cub 2 spends more time on pacing than Cub 1. However, these results are not 
shown in the χ2 test, due to the proportion of time spent on ’Stereotypic pacing’ being too low to calculate 
in the χ2 test, and therefore have no calculable significant difference (see Table A1 in Appendix A). 
 
Figure 5: Behavioural reaction norms for all four individuals: the adult male = black, the adult female 
= blue, Cub 1 = red and Cub 2 = green, showing the median, variance, skewness, and kurtosis for pooled 
control days (C) and pooled enrichment days (E). The slope (m) for each individual is given as well as 
a difference in slope in percent (Ds) for the adult male and the adult female (Ds_BaBe), the adult male and 
Cub 1 (Ds_BaC1), the adult male and Cub 2 (Ds_BaC2), and Cub 1 and Cub 2 (Ds_C1C2). 
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Figure 6: Behavioural reaction norms for all four individuals: the adult male = black, the adult female 
= blue, Cub 1 = red and Cub 2 = green, showing the median, variance, skewness, and kurtosis for pooled 
control days (C) and pooled enrichment days (E). The slope (m) for each individual is given as well as 
a difference in slope in percent (Ds) for the adult male and the adult female (Ds_BaBe), the adult male and 
Cub 1 (Ds_BaC1), the adult male and Cub 2 (Ds_BaC2), and Cub 1 and Cub 2 (Ds_C1C2). 
The reaction norms for skewness in Figures 5 and 6 show that Cub 1 has played and paced for longer 
continuous periods of time during control days compared to enrichment days, which can indicate that 
there have been less distractions on control days. Furthermore, the reaction norms for Cub 1 shows that 
the kurtosis is decreased on enrichment days for the behaviours ’Locomotion’ and ’Inactive nonsocial’ 
compared to control days. This indicates that the periods of time Cub 1 has spent on those two 
behaviours varies more on enrichment days than on control days. The same can be seen on the reaction 
norms for the adult female, where the kurtosis for the behaviour ’Inactive nonsocial’ is also decreased 
on enrichment days compared to control days. Therefore, the periods of time she spends on that 
behaviour varies more on enrichment days than on control days. This difference in kurtosis can indicate 
that enrichment lessens the predictability of ’Locomotion’ and ’Inactive nonsocial’ for Cub 1 and 
’Inactive social’ for the adult female. 
In Figures 3 and 4 a difference in several behaviours between the adult male and the cubs can be seen. 
The results show that the cubs are more social by behaviours such as ’Inactive social’ (Cub 1: 24.87% 
and Cub 2: 25.04% on control days, Cub 1: 10.93% and Cub 2: 12.29% on enrichment days) than the 
adult male (0.75% on control days, and 3.62% on enrichment days). Furthermore, the adult male spends 
a greater amount of time being ’Inactive nonsocial’ (67.12% on control days, and 57.4% on enrichment 
days) than the cubs (Cub 1: 48.81% and Cub 2: 45.17% on control days, Cub 1: 45.14% and Cub 2: 
42.31% on enrichment days). This can indicate that age and age-related diseases may affect these 
behaviour patterns (Bellows et al., 2016). 
A study from Swaisgood et al. (2001) shows that subadults responded more to enrichment than adults. 
However, adults preferred feeding enrichment over nonfeeding enrichment (Swaisgood et al., 2001). 
This is observed for the adult male on enrichment day three (E3), where they are given a hose with meat 
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(Table 1). The Mann-Whitney U test for the adult male shows a significant difference in the behaviour 
’Play’ between E3 and most of the control days and some of the other enrichment days (p <0.05) (see 
Table B1 in Appendix B). The median for E3 for ’Play’ is also greater than the median for all other 
days, except for E5. Furthermore, the adult male also reacts significantly to E1 (p <0.01) where part of 
the enrichment was blood, which may have been a similar stimulation to prey (see Table 1 and Table 
B1 in Appendix B) (Swaisgood et al., 2001). ’Stereotypic pacing’ changes significantly for the adult 
female on E5 which included boiled eggs and rabbit scent as enrichment (see Table 1 and Table B2 in 
Appendix B). This enrichment can be more interesting to the adult female as it is edible and smells like 
prey (Swaisgood et al., 2001). 
Cub 1 and Cub 2 showed a significant difference for enrichment day two (E2) (p <0.05 for ’Inactive 
nonsocial’), E3 (p <0.01 for both ’Inactive nonsocial’ and ’Social activity’) and E8 (p <0.001 for ’Social 
activity’) between four or more control days (see Tables B3 and B4 in Appendix B). This indicates that 
the cubs have more interest in enrichment with edibles and scents (see Table 1), similar to the adult male 
and the adult female. Although observations show a high interest in the hammock and cardboard boxes 
for the cubs as well. 
Medication of the adult male 
Pain relief as a diagnostic tool was investigated in one animal. The adult male tiger had decreased 
activity and stiff hind part and back, he was given meloxicam with the intention of relieving potential 
osteoarthrosis related pain. However, no significant difference in behaviours between weeks with and 
without meloxicam treatment indicated that meloxicam changed the male’s behaviour. Therefore, he 
was X-rayed after this observation study and no signs of osteoarthrosis was found. 
Conclusion  
Throughout this study the behavioural reaction norms are investigated for four tigers of different sex 
and age. The results show a difference between the individuals and their behavioural reaction norms. 
Cub 1 and Cub 2 are the same age and sex, and their behavioural reaction norms are similar, furthermore 
the adult male is the oldest individual and the results show more inactive behaviour compared to the 
cubs, which indicates that age and/or age-related diseases may have an effect on the behavioural reaction 
norms. The only female in this study, displays more stereotypic behaviour compared to the other three 
individuals which support the results from other studies indicating that sex has an effect on the 
behavioural reaction norms. The adult male shows symptoms of age-related problems, therefore the aim 
of the paper is to determine if a pain-relieving medication has an effect on his behaviour. This was not 
the case, therefore other age-related diseases have been taken into account in the discussion. 
In conclusion, it is possible to observe and quantify differences in behaviour with the observation 
methods used in this study. Using statistical analyses it is possible to determine significant changes in 
behaviour between the three observed weeks using a χ2 test, as well as compare behavioural differences 
between days to determine the effects of enrichment using a Mann-Whitney U test. 
In future studies it would be advantageous to include several females in the study in order to compare 
female individuals, as well as more individuals in general to determine behavioral differences between 
sexes and age groups, along with differences between individuals of the same sex and age group.  
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Appendix A  
The comparison of percent, medians, variances, skewness, and kurtoses of the pooled data for each 
behavior for different data sets results in χ2 test. Before the calculation of the χ2 test, the pooled data for 
skewness and kurtosis were multiplied by 100 to get more useful data. The table shows the results for 
the four subjects. A blank space indicates the behavior made up less than 5% of the week. Significant 
differences are marked with one or more ’*’, each indicating a different p-value: * = p-value <0.05, ** 
= p-value <0.01 and *** = p-value <0.001. 
Table A1. χ2 test of pooled percentage of each behavior for each week. 
Behavior  Adult male Adult female Cub 1 Cub 2 
Social activity χ2-value 
p-value 
    
Play χ2-value 
p-value 











Inactive social χ2-value 
p-value 































Table A2. χ2 test of pooled medians of each behavior for each week. 
Behavior  Adult male Adult female Cub 1 Cub 2 
Social activity χ2-value 0.5 0 0.125 0.4 











Locomotion χ2-value 2.4932 17.081 3.3671 3.4545 
p-value 0.2875 *** 0.1857 0.1778 




















Other χ2-value 1.303 0.14894 10.19 4.6986 
p-value 0.5213 0.9282 ** 0.09543 










Table A3: χ2 test of pooled variances of each behaviour for each week. 
Behavior  Adult male Adult female Cub 1 Cub 2 
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Table A4: χ2 test of pooled skewness of each behaviour for each week. 














































































Table A5. χ2 test of pooled kurtoses of each behavior for each week. 
 
  
Behavior  Adult male Adult female Cub 1 Cub 2 
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Appendix B  
Results from the Mann-Whitney U test is shown for each individual and each behaviour in Tables B1, 
B2, B3 and B4. Significant differences are marked with one or more ’*’, each indicating a different p-
value: * = p-value <0.05, ** = p-value <0.01 and *** = p-value <0.001. The difference in the median 
for each test is also indicated with a <, > or =. 
Table B1: The adult male 
Social activity 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1 
 
C1=C2 C1>C3 C1<C4 C1>C5 C1>C6 C1>C7 C1>E1 C1<E2 C1>E3 C1>E4 C1>E5 C1>E6 C1>E7 C1>E8* 
C2 
 
C2>C3 C2<C4 C2>C5 C2>C6* C2>C7 C2>E1 C2<E2 C2>E3*** C2>E4 C2>E5* C2>E6* C2>E7** C2>E8*** 
C3 
 
C3<C4 C3=C5 C3>C6 C3=C7 C3<E1 C3<E2 C3>E3 C3>E4 C3>E5 C3>E6 C3>E7 C3>E8 
C4 
 
C4>C5 C4>C6* C4>C7 C4>E1 C4<E2 C4>E3* C4>E4 C4>E5 C4>E6* C4>E7* C4>E8** 
C5 
 
C5>C6 C5=C7 C5<E1 C5<E2 C5>E3* C5>E4 C5>E5 C5>E6 C5>E7 C5>E8** 
C6 
 
C6<C7 C6<E1* C6<E2* C6>E3 C6>E4 C6=E5 C6=E6 C6>E7 C6>E8 
C7 
 
C7<E1 C7<E2 C7>E3 C7>E4 C7>E5 C7>E6 C7>E7 C7>E8** 
E1 
 
E1<E2 E1>E3* E1>E4 E1>E5* E1>E6* E1>E7* E1>E8** 
E2 
 
E2>E3* E2>E4 E2>E5* E2>E6* E2>E7* E2>E8** 
E3 
 
E3=E4 E3<E5 E3<E6 E3<E7 E3=E8 
E4 
 
E4<E5 E4<E6 E4<E7 E4=E8 
E5 
 









 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1=C2 C1=C3 C1=C4 C1=C5 C1=C6 C1=C7 C1<E1*** C1<E2 C1<E3** C1<E4 C1<E5 C1<E6 C1=E7 C1=E8 
C2  C2=C3 C2=C4 C2=C5 C2=C6 C2=C7 C2<E1*** C2<E2 C2<E3** C2<E4 C2<E5 C2<E6 C2=E7 C2=E8 
C3  C3=C4 C3=C5 C3=C6 C3=C7 C3<E1*** C3<E2 C3<E3** C3<E4 C3<E5 C3<E6 C3=E7 C3=E8 
C4  C4=C5 C4=C6 C4=C7 C4<E1** C4<E2 C4<E3 C4<E4 C4<E5 C4<E6 C4=E7 C4=E8 
C5  C5=C6 C5=C7 C5<E1*** C5<E2 C5<E3** C5<E4 C5<E5 C5<E6 C5=E7 C5=E8 
C6  C6=C7 C6<E1** C6<E2 C6<E3 C6<E4 C6<E5 C6<E6 C6=E7 C6=E8 
C7  C7<E1** C7<E2 C7<E3* C7<E4 C7<E5 C7<E6 C7=E7 C7=E8 
E1  E1>E2** E1<E3*** E1>E4*** E1<E5*** E1<E6*** E1>E7** E1>E8 
E2  E2>E3** E2>E4* E2>E5* E2>E6 E2>E7 E2>E8 
E3  E3>E4 E3<E5 E3>E6 E3>E7 E3>E8* 
E4  E4<E5 E4<E6 E4>E7 E4>E8 
E5  E5>E6 E5>E7 E5>E8 
E6  E6>E7 E6>E8 
E7  E7=E8 
E8  
Locomotion 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1>E1 C1=E2 C1<E3 C1<E4 C1<E5 C1>E6 C1<E7 C1<E8 
C2  C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2>E1 C2>E2 C2<E3 C2<E4 C2<E5 C2>E6 C2<E7 C2>E8 
C3  C3>C4 C3>C5 C3>C6 C3<C7 C3>E1 C3>E2 C3>E3 C3>E4 C3>E5 C3>E6 C3>E7 C3>E8 
C4  C4>C5 C4>C6 C4<C7 C4>E1 C4>E2 C4<E3 C4<E4 C4<E5 C4>E6 C4>E7 C4>E8 
C5  C5>C6 C5<C7 C5>E1 C5>E2 C5<E3 C5<E4 C5<E5 C5>E6 C5>E7 C5>E8 
C6  C6<C7 C6>E1 C6>E2 C6<E3 C6<E4 C6<E5 C6>E6 C6=E7 C6>E8 
C7  C7>E1 C7>E2 C7>E3 C7>E4 C7>E5 C7>E6 C7>E7 C7>E8 
E1  E1<E2 E1<E3 E1<E4 E1<E5 E1<E6 E1<E7 E1<E8 
E2  E2<E3 E2<E4 E2<E5 E2>E6 E2<E7 E2<E8 
E3  E3<E4* E3>E5 E3>E6 E3>E7 E3>E8 
E4  E4>E5 E4>E6 E4>E7 E4>E8 
E5  E5>E6 E5>E7 E5>E8 
E6  E6<E7 E6<E8 
E7  E7>E8 
E8  
Inactive Social 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1<E1 C1<E2 C1<E3 C1<E4 C1<E5 C1<E6 C1<E7 C1<E8 
C2  C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2<E1 C2=E2 C2<E3 C2<E4 C2<E5 C2<E6 C2<E7 C2<E8 
C3  C3<C4 C3>C5 C3>C6 C3>C7 C3<E1 C3>E2 C3>E3 C3<E4 C3<E5 C3>E6 C3>E7 C3>E8 
C4  C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3 C4>E4 C4>E5 C4>E6 C4>E7 C4>E8 
C5  C5<C6 C5<C7 C5<E1 C5>E2 C5<E3 C5<E4 C5<E5 C5<E6 C5<E7 C5>E8 
C6  C6<C7 C6<E1 C6>E2 C6<E3 C6<E4 C6<E5 C6<E6 C6<E7 C6>E8 
C7  C7<E1 C7>E2 C7>E3 C7<E4 C7<E5 C7<E6 C7<E7 C7>E8 
E1  E1>E2 E1>E3 E1>E4 E1<E5 E1>E6 E1>E7 E1>E8 
E2  E2<E3 E2<E4 E2<E5 E2<E6 E2<E7 E2<E8 
E3  E3<E4* E3<E5 E3<E6 E3<E7 E3>E8 
E4  E4<E5 E4>E6 E4>E7 E4>E8 
E5  E5>E6 E5>E7 E5>E8 
E6  E6<E7 E6>E8 




Hangstrup et al, 2021. Genet. Biodiv. J , 5(2); 33-52 
47 
Inactive nonsocial 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2 C1>C3 C1>C4 C1>C5 C1<C6 C1>C7 C1>E1 C1>E2 C1>E3** C1>E4 C1>E5 C1>E6 C1<E7 C1>E8 
C2   C2<C3*** C2<C4** C2<C5* C2<C6*** C2<C7* C2<E1* C2>E2 C2>E3 C2<E4 C2<E5** C2<E6 C2<E7* C2<E8 
C3   C3>C4 C3>C5 C3<C6 C3>C7 C3>E1 C3>E2 C3>E3** C3>E4 C3>E5 C3>E6 C3<E7 C3>E8 
C4   C4>C5 C4<C6 C4>C7 C4>E1 C4>E2 C4>E3** C4>E4 C4<E5 C4>E6 C4<E7 C4>E8 
C5   C5<C6 C5<C7 C5<E1 C5>E2 C5>E3** C5>E4 C5<E5 C5>E6 C5<E7 C5>E8 
C6   C6>C7 C6>E1 C6>E2 C6>E3** C6>E4 C6>E5 C6>E6* C6>E7 C6>E8* 
C7   C7<E1 C7>E2 C7>E3 C7>E4 C7<E5** C7>E6 C7<E7 C7>E8 
E1   E1>E2 E1>E3* E1>E4 E1<E5 E1>E6 E1<E7 E1>E8 
E2   E2>E3 E2<E4 E2<E5 E2<E6 E2<E7 E2<E8 
E3   E3<E4* E3<E5** E3<E6 E3<E7* E3<E8* 
E4   E4<E5 E4<E6 E4<E7 E4>E8 
E5   E5>E6 E5<E7 E5>E8 
E6   E6<E7 E6>E8 
E7               E7>E8 
E8   
Table B2: The adult female 
Social activity 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2 C1>C3 C1>C4 C1>C5 C1>C6 C1>C7 C1>E1* C1>E2 C1>E3 C1>E4 C1>E5 C1>E6 C1>E7* C1>E8 
C2   C2>C3 C2<C4 C2<C5 C2<C6 C2<C7 C2=E1 C2<E2 C2=E3 C2=E4 C2>E5 C2=E6 C2<E7 C2>E8 
C3    C3<C4* C3<C5 C3<C6 C3<C7* C3<E1 C3<E2 C3<E3 C3<E4 C3>E5 C3<E6 C3<E7 C3>E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1* C4=E2 C4>E3* C4>E4* C4>E5* C4>E6* C4>E7* C4>E8* 
C5      C5=C6 C5=C7 C5>E1 C5<E2 C5>E3 C5>E4 C5>E5 C5>E6 C5=E7 C5>E8 
C6       C6=C7 C6>E1 C6<E2 C6>E3 C6>E4 C6>E5 C6>E6 C6=E7 C6>E8 
C7        C7>E1 C7<E2 C7>E3* C7>E4 C7>E5* C7>E6* C7=E7* C7>E8 
E1         E1<E2 E1=E3 E1=E4 E1>E5 E1=E6 E1<E7 E1>E8 
E2          E2>E3 E2>E4 E2>E5 E2>E6 E2>E7 E2>E8 
E3           E3=E4 E3>E5 E3=E6 E3<E7 E3>E8 
E4            E4>E5 E4=E6 E4<E7 E4>E8 
E5             E5<E6 E5<E7 E5=E8 
E6              E6<E7 E6>E8 
E7               E7>E8 




 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2* C1<C3 C1<C4* C1<C5 C1<C6 C1>C7* C1<E1 C1<E2 C1>E3 C1<E4 C1<E5 C1>E6* C1>E7 C1>E8 
C2   C2<C3* C2<C4** C2<C5 C2<C6* C2>C7 C2<E1* C2<E2*** C2<E3 C2<E4** C2<E5*** C2<E6 C2<E7 C2<E8 
C3    C3=C4 C3<C5 C3<C6 C3>C7* C3<E1 C3<E2 C3>E3 C3<E4 C3<E5 C3>E6 C3>E7 C3>E8 
C4     C4<C5** C4<C6 C4>C7** C4>E1 C4>E2 C4>E3** C4>E4 C4>E5 C4>E6** C4>E7* C4>E8** 
C5      C5>C6* C5>C7 C5>E1 C5>E2** C5>E3 C5>E4* C5>E5** C5>E6 C5>E7 C5>E8 
C6       C6>C7* C6>E1 C6>E2 C6>E3 C6>E4 C6>E5 C6>E6* C6>E7 C6>E8 
C7        C7<E1* C7<E2*** C7<E3 C7<E4** C7<E5** C7<E6 C7<E7 C7<E8 
E1         E1<E2* E1>E3 E1<E4 E1<E5 E1>E6* E1>E7 E1>E8 
E2          E2>E3** E2<E4 E2>E5 E2>E6*** E2>E7* E2>E8* 
E3           E3<E4* E3<E5* E3>E6 E3<E7 E3>E8 
E4            E4>E5 E4>E6** E4>E7 E4>E8 
E5             E5>E6** E5>E7 E5>E8* 
E6              E6<E7 E6<E8 
E7               E7>E8 
E8                
Stereotypic pacing 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2 C1<C3 C1<C4* C1<C5 C1<C6* C1<C7 C1<E1 C1<E2 C1>E3 C1<E4 C1<E5 C1>E6 C1<E7* C1>E8 
C2   C2<C3* C2<C4** C2<C5** C2<C6** C2<C7*** C2<E1* C2<E2 C2>E3 C2<E4 C2<E5 C2>E6 C2<E7*** C2>E8 
C3    C3<C4* C3<C5 C3<C6* C3<C7 C3<E1 C3>E2 C3>E3** C3>E4 C3>E5 C3>E6** C3<E7* C3>E8** 
C4     C4>C5 C4>C6 C4>C7 C4>E1* C4>E2 C4>E3*** C4>E4* C4>E5* C4>E6*** C4>E7 C4>E8*** 
C5      C5<C6 C5<C7 C5>E1 C5>E2 C5>E3*** C5>E4 C5>E5 C5>E6*** C5<E7 C5>E8*** 
C6       C6>C7 C6>E1* C6>E2 C6>E3** C6>E4* C6>E5* C6>E6** C6<E7 C6>E8*** 
C7        C7>E1 C7>E2 C7>E3*** C7>E4 C7>E5 C7>E6*** C7<E7 C7>E8*** 
E1         E1>E2 E1>E3* E1>E4 E1>E5 E1>E6* E1<E7* E1>E8** 
E2          E2>E3 E2<E4 E2<E5 E2>E6 E2<E7 E2>E8 
E3           E3<E4 E3<E5* E3<E6 E3<E7*** E3>E8 
E4            E4<E5 E4>E6 E4<E7* E4>E8* 
E5             E5>E6* E5<E7** E5>E8** 
E6              E6<E7*** E6>E8 
E7               E7>E8*** 
E8                
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Play 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1=C2 C1=C3 C1=C4 C1=C5 C1=C6 C1=C7 C1<E1 C1<E2 C1<E3 C1<E4 C1<E5 C1<E6 C1=E7 C1=E8 
C2   C2=C3 C2=C4 C2=C5 C2=C6 C2=C7 C2<E1 C2<E2 C2<E3 C2<E4 C2<E5 C2<E6 C2=E7 C2=E8 
C3    C3=C4 C3=C5 C3=C6 C3=C7 C3<E1 C3<E2 C3<E3 C3<E4 C3<E5 C3<E6 C3=E7 C3=E8 
C4     C4=C5 C4=C6 C4=C7 C4<E1 C4<E2 C4<E3 C4<E4 C4<E5 C4<E6 C4=E7 C4=E8 
C5      C5=C6 C5=C7 C5<E1 C5<E2 C5<E3 C5<E4 C5<E5 C5<E6 C5=E7 C5=E8 
C6       C6=C7 C6<E1 C6<E2 C6<E3 C6<E4 C6<E5 C6<E6 C6=E7 C6=E8 
C7        C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7<E6 C7=E7 C7=E8 
E1         E1<E2 E1<E3 E1<E4 E1>E5 E1<E6 E1>E7 E1>E8 
E2          E2>E3 E2>E4 E2>E5 E2>E6 E2>E7 E2>E8 
E3           E3<E4 E3>E5 E3>E6 E3>E7 E3>E8 
E4            E4>E5 E4>E6 E4>E7 E4>E8 
E5             E5<E6 E5>E7 E5>E8 
E6              E6>E7 E6>E8 
E7               E7=E8 
E8                
Locomotion 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1=C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1>E1** C1<E2 C1<E3 C1<E4* C1<E5 C1<E6 C1<E7 C1<E8 
C2   C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2>E1** C2<E2 C2<E3 C2<E4 C2<E5 C2<E6 C2<E7 C2<E8 
C3    C3=C4 C3<C5 C3=C6 C3<C7 C3>E1** C3>E2 C3>E3 C3<E4* C3>E5 C3>E6 C3>E7 C3>E8 
C4     C4<C5 C4=C6 C4<C7 C4>E1** C4>E2 C4>E3 C4<E4 C4>E5 C4>E6 C4>E7 C4>E8 
C5      C5>C6 C5>C7 C5>E1* C5>E2 C5>E3 C5>E4 C5>E5 C5>E6 C5>E7 C5>E8 
C6       C6<C7 C6>E1** C6>E2 C6>E3 C6<E4 C6>E5 C6>E6 C6>E7 C6>E8 
C7        C7>E1** C7>E2 C7>E3 C7>E4 C7>E5 C7>E6 C7>E7 C7>E8 
E1         E1<E2*** E1<E3*** E1<E4*** E1<E5*** E1<E6*** E1<E7*** E1<E8*** 
E2          E2<E3 E2<E4** E2<E5* E2<E6 E2<E7 E2<E8* 
E3           E3<E4** E3<E5* E3<E6 E3<E7 E3<E8* 
E4            E4>E5 E4>E6 E4>E7* E4>E8 
E5             E5>E6 E5>E7 E5>E8 
E6              E6>E7 E6>E8 
E7               E7<E8 
E8                
 
Inactive social 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2 C1>C3 C1<C4 C1>C5 C1<C6 C1<C7 C1>E1 C1>E2 C1<E3 C1<E4 C1>E5 C1>E6 C1<E7 C1>E8 
C2   C2>C3 C2<C4 C2>C5 C2<C6 C2<C7 C2>E1 C2>E2 C2<E3 C2<E4 C2>E5 C2>E6 C2<E7 C2>E8 
C3    C3<C4 C3=C5 C3<C6 C3<C7* C3=E1 C3=E2 C3<E3 C3<E4 C3=E5 C3=E6 C3<E7 C3=E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3 C4>E4 C4>E5 C4>E6 C4>E7 C4>E8 
C5      C5<C6 C5<C7 C5=E1 C5=E2 C5<E3 C5<E4 C5=E5 C5=E6 C5<E7 C5=E8 
C6       C6>C7 C6>E1 C6>E2 C6>E3 C6>E4 C6>E5 C6>E6 C6>E7 C6>E8 
C7        C7>E1 C7>E2 C7>E3 C7>E4 C7>E5 C7>E6 C7>E7 C7>E8 
E1         E1=E2 E1<E3 E1<E4 E1=E5 E1=E6 E1<E7 E1=E8 
E2          E2<E3 E2<E4 E2=E5 E2=E6 E2<E7 E2=E8 
E3           E3<E4 E3>E5 E3>E6 E3>E7 E3>E8 
E4            E4>E5 E4>E6 E4>E7 E4>E8 
E5             E5=E6 E5<E7 E5=E8 
E6              E6<E7 E6=E8 
E7               E7>E8 
E8                
Inactive nonsocial 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1 C1>C2* C1>C3 C1<C4 C1>C5 C1>C6 C1>C7 C1>E1 C1>E2* C1>E3* C1>E4 C1>E5** C1>E6 C1>E7* C1>E8* 
C2  C2<C3 C2<C4 C2<C5 C2<C6*** C2<C7* C2<E1 C2>E2 C2>E3 C2<E4 C2>E5 C2<E6 C2<E7 C2>E8 
C3   C3<C4 C3<C5 C3<C6 C3>C7 C3>E1 C3>E2 C3>E3* C3>E4 C3>E5* C3>E6 C3>E7 C3>E8 
C4    C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3** C4>E4 C4>E5* C4>E6 C4>E7 C4>E8 
C5     C5>C6 C5>C7 C5>E1 C5>E2 C5>E3* C5>E4 C5>E5* C5>E6 C5>E7 C5>E8 
C6      C6>C7 C6>E1 C6>E2** C6>E3*** C6>E4 C6>E5*** C6>E6 C6>E7** C6>E8** 
C7       C7>E1 C7>E2* C7>E3** C7>E4 C7>E5* C7>E6 C7>E7 C7>E8 
E1         E1>E2 E1>E3 E1>E4 E1>E5 E1>E6 E1>E7 E1>E8 
E2          E2>E3 E2<E4 E2>E5 E2<E6 E2<E7 E2<E8 
E3           E3<E4** E3>E5 E3<E6 E3<E7 E3<E8 
E4            E4>E5 E4>E6 E4>E7 E4>E8 
E5             E5<E6 E5<E7 E5<E8 
E6              E6>E7 E6>E8 
E7               E7>E8 
E8                
Other 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1 C1>C2** C1>C3** C1<C4 C1>C5** C1>C6 C1>C7 C1>E1*** C1>E2 C1>E3** C1>E4** C1>E5*** C1>E6*** C1>E7* C1>E8** 
C2  C2<C3 C2<C4** C2>C5 C2<C6*** C2<C7 C2>E1 C2<E2* C2<E3 C2<E4 C2>E5 C2>E6 C2<E7* C2>E8 
C3   C3<C4* C3>C5 C3<C6** C3<C7 C3>E1 C3<E2 C3<E3 C3<E4 C3>E5 C3>E6 C3<E7 C3>E8 
C4    C4>C5* C4>C6 C4>C7 C4>E1** C4>E2 C4>E3* C4>E4* C4>E5** C4>E6*** C4>E7 C4>E8** 
C5     C5<C6*** C5<C7 C5<E1 C5<E2** C5<E3 C5<E4 C5>E5 C5<E6 C5<E7* C5<E8 
C6      C6>C7* C6>E1*** C6>E2 C6>E3*** C6>E4** C6>E5*** C6>E6*** C6>E7 C6>E8*** 
C7       C7>E1 C7<E2 C7<E3 C7>E4 C7>E5 C7>E6* C7<E7 C7>E8 
E1         E1<E2** E1<E3 E1<E4 E1>E5 E1>E6* E1<E7** E1<E8 
E2          E2>E3 E2>E4 E2>E5* E2>E6*** E2<E7 E2>E8** 
E3           E3>E4 E3>E5 E3>E6*** E3<E7 E3>E8 
E4            E4>E5 E4>E6* E4<E7 E4>E8 
E5             E5<E6** E5<E7* E5<E8 
E6              E6<E7*** E6<E8 
E7               E7>E8* 
E8                




 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2 C1<C3 C1<C4 C1<C5 C1>C6 C1>C7 C1>E1 C1<E2 C1>E3 C1>E4 C1>E5 C1>E6 C1<E7 C1>E8 
C2   C2<C3** C2<C4 C2<C5** C2<C6 C2<C7 C2<E1 C2<E2** C2<E3 C2<E4 C2>E5 C2<E6 C2<E7 C2<E8 
C3    C3<C4 C3>C5 C3>C6** C3>C7* C3>E1* C3<E2 C3<E3** C3>E4** C3>E5*** C3>E6*** C3>E7 C3>E8*** 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4<E2 C4>E3 C4>E4 C4>E5*** C4>E6* C4>E7 C4>E8* 
C5      C5>C6 C5>C7 C5>E1 C5<E2 C5>E3* C5>E4* C5>E5*** C5>E6* C5>E7 C5>E8* 
C6       C6<C7 C6>E1 C6<E2* C6>E3 C6>E4 C6>E5* C6>E6 C6<E7 C6>E8 
C7        C7>E1 C7<E2 C7>E3 C7>E4 C7>E5** C7>E6 C7<E7 C7>E8 
E1         E1<E2 E1>E3 E1>E4 E1>E5** E1>E6 E1<E7 E1>E8 
E2          E2>E3* E2>E4** E2>E5*** E2>E6** E2>E7 E2>E8** 
E3           E3<E4 E3>E5 E3>E6 E3<E7 E3>E8 
E4            E4>E5 E4>E6 E4<E7 E4>E8 
E5             E5<E6 E5<E7* E5<E8 
E6              E6<E7 E6<E8 
E7               E7>E8 
E8                
Table B3: Cub 1 
Social activity 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1=C4 C1<C5 C1>C6 C1<C7 C1<E1 C1>E2 C1>E3 C1>E4 C1<E5 C1<E6 C1<E7 C1>E8 
C2   C2<C3 C2>C4 C2<C5 C2>C6 C2<C7 C2=E1 C2>E2 C2>E3*** C2>E4* C2>E5* C2=E6 C2<E7 C2>E8*** 
C3    C3>C4 C3<C5 C3>C6 C3<C7 C3>E1 C3>E2 C3>E3** C3>E4 C3>E5 C3>E6 C3=E7 C3>E8*** 
C4     C4<C5* C4>C6 C4<C7* C4<E1 C4>E2 C4>E3 C4>E4 C4<E5 C4<E6 C4<E7 C4>E8 
C5      C5>C6 C5=C7 C5>E1 C5>E2 C5>E3*** C5>E4* C5>E5* C5>E6 C5>E7 C5>E8*** 
C6       C6<C7 C6<E1 C6=E2 C6=E3 C6>E4 C6<E5 C6<E6 C6<E7 C6>E8 
C7        C7>E1 C7>E2* C7>E3** C7>E4** C7>E5* C7>E6 C7>E7 C7>E8*** 
E1         E1>E2 E1>E3* E1>E4 E1>E5 E1=E6 E1<E7 E1>E8** 
E2          E2=E3 E2>E4 E2<E5 E2<E6 E2<E7 E2>E8* 
E3           E3>E4 E3<E5 E3<E6** E3<E7 E3>E8* 
E4            E4<E5 E4<E6* E4<E7 E4>E8 
E5             E5<E6 E5<E7 E5>E8* 
E6              E6<E7 E6>E8*** 
E7               E7>E8* 
E8                
Play 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1=C5 C1=C6 C1=C7 C1<E1 C1<E2 C1<E3 C1<E4 C1<E5 C1<E6 C1<E7 C1<E8 
C2   C2>C3 C2>C4 C2>C5 C2>C6 C2>C7 C2>E1 C2>E2 C2>E3 C2>E4 C2>E5 C2>E6 C2>E7 C2>E8 
C3    C3<C4 C3>C5 C3>C6 C3>C7 C3>E1 C3<E2 C3<E3 C3<E4 C3<E5 C3<E6 C3>E7 C3>E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4<E2 C4<E3 C4<E4 C4<E5 C4<E6 C4>E7 C4>E8 
C5      C5=C6 C5=C7 C5<E1 C5<E2 C5<E3 C5<E4 C5<E5 C5<E6 C5<E7 C5<E8 
C6       C6=C7 C6<E1 C6<E2 C6<E3 C6<E4 C6<E5 C6<E6 C6<E7 C6<E8 
C7        C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7<E6 C7<E7 C7<E8 
E1         E1<E2 E1<E3 E1<E4** E1<E5 E1<E6 E1=E7 E1>E8 
E2          E2>E3 E2<E4 E2>E5 E2<E6 E2>E7 E2>E8 
E3           E3<E4 E3<E5 E3<E6 E3>E7 E3>E8* 
E4            E4>E5 E4>E6 E4>E7 E4>E8** 
E5             E5<E6 E5>E7 E5>E8 
E6              E6>E7 E6>E8* 
E7               E7>E8 
E8                
Locomotion 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1<E1 C1<E2 C1<E3 C1<E4** C1<E5* C1<E6 C1<E7* C1<E8* 
C2   C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2>E1 C2>E2 C2>E3 C2<E4* C2<E5 C2>E6 C2<E7 C2<E8 
C3    C3=C4 C3>C5 C3<C6 C3<C7 C3>E1 C3>E2 C3>E3 C3<E4* C3<E5 C3>E6 C3<E7 C3<E8 
C4     C4>C5 C4<C6 C4<C7 C4>E1 C4>E2 C4>E3 C4<E4* C4<E5 C4>E6 C4<E7 C4<E8 
C5      C5<C6 C5<C7 C5>E1 C5>E2 C5>E3 C5<E4* C5<E5 C5>E6 C5<E7 C5<E8 
C6       C6<C7 C6>E1 C6>E2 C6>E3 C6<E4* C6<E5 C6>E6 C6<E7 C6<E8 
C7        C7>E1 C7>E2 C7>E3 C7>E4* C7>E5 C7>E6 C7=E7 C7>E8 
E1         E1<E2 E1<E3 E1<E4*** E1<E5** E1<E6 E1<E7*** E1<E8*** 
E2          E2>E3 E2<E4** E2<E5* E2<E6 E2<E7* E2<E8* 
E3           E3<E4*** E3<E5*** E3<E6 E3<E7*** E3<E8*** 
E4            E4>E5 E4>E6** E4<E7 E4=E8 
E5             E5>E6* E5<E7 E5<E8 
E6              E6<E7* E6<E8* 
E7               E7>E8 
E8                
  




 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1<E1 C1>E2 C1>E3 C1<E4 C1<E5 C1<E6 C1<E7 C1<E8 
C2   C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2<E1 C2>E2 C2>E3 C2<E4 C2<E5 C2>E6 C2<E7 C2>E8 
C3    C3<C4 C3<C5 C3>C6 C3<C7 C3>E1 C3>E2** C3>E3** C3>E4 C3>E5 C3>E6* C3>E7 C3>E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3 C4>E4 C4>E5 C4>E6 C4>E7 C4>E8 
C5      C5>C6 C5>C7 C5>E1 C5>E2 C5>E3 C5>E4 C5>E5 C5>E6 C5>E7 C5>E8 
C6       C6<C7 C6>E1 C6>E2* C6>E3* C6>E4 C6>E5 C6>E6 C6>E7 C6>E8 
C7        C7>E1 C7>E2** C7>E3* C7>E4 C7>E5 C7>E6 C7>E7 C7>E8 
E1         E1>E2* E1>E3 E1>E4 E1>E5 E1>E6 E1<E7 E1>E8 
E2          E2<E3 E2<E4* E2<E5 E2<E6 E2<E7** E2<E8 
E3           E3<E4 E3<E5 E3<E6 E3<E7* E3<E8 
E4            E4<E5 E4>E6 E4<E7 E4>E8 
E5             E5>E6 E5<E7 E5>E8 
E6              E6<E7 E6>E8 
E7               E7>E8 
E8                
 
Inactive nonsocial 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2* C1>C3* C1>C4 C1>C5 C1>C6 C1>C7 C1>E1 C1>E2* C1>E3** C1>E4 C1>E5* C1>E6* C1>E7 C1>E8 
C2   C2>C3 C2<C4*** C2<C5* C2<C6** C2<C7 C2>E1 C2>E2 C2>E3 C2<E4 C2>E5 C2>E6 C2<E7 C2<E8 
C3    C3<C4** C3<C5 C3<C6* C3<C7 C3>E1 C3>E2 C3>E3 C3<E4 C3>E5 C3<E6 C3<E7 C3<E8 
C4     C4>C5 C4>C6 C4>C7* C4>E1** C4>E2*** C4>E3*** C4>E4* C4>E5** C4>E6** C4>E7* C4>E8* 
C5      C5<C6 C5>C7 C5>E1** C5>E2*** C5>E3*** C5>E4 C5>E5 C5>E6 C5>E7 C5>E8 
C6       C6>C7 C6>E1** C6>E2** C6>E3** C6>E4 C6>E5* C6>E6* C6>E7 C6>E8 
C7        C7>E1 C7>E2 C7>E3 C7<E4 C7>E5 C7>E6 C7>E7 C7<E8 
E1         E1=E2 E1<E3 E1<E4 E1<E5 E1<E6 E1<E7 E1<E8 
E2          E2<E3 E2<E4* E2<E5 E2<E6* E2<E7 E2<E8* 
E3           E3<E4 E3<E5 E3<E6 E3<E7 E3<E8 
E4            E4>E5 E4>E6 E4>E7 E4>E8 
E5             E5<E6 E5<E7 E5<E8 
E6              E6<E7 E6<E8 
E7               E7<E8 
E8                
Other 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2* C1>C3 C1>C4 C1>C5 C1>C6 C1>C7 C1>E1* C1>E2 C1>E3 C1>E4 C1<E5 C1>E6* C1>E7 C1>E8** 
C2   C2<C3 C2<C4* C2<C5 C2<C6 C2>C7 C2>E1 C2<E2 C2<E3 C2<E4 C2<E5** C2<E6 C2<E7 C2>E8 
C3    C3<C4 C3>C5 C3>C6 C3>C7 C3>E1 C3>E2 C3>E3 C3>E4 C3<E5 C3>E6* C3>E7 C3>E8* 
C4     C4>C5* C4>C6 C4>C7 C4>E1** C4>E2 C4>E3 C4>E4* C4<E5 C4>E6** C4>E7* C4>E8** 
C5      C5>C6 C5>C7 C5>E1 C5<E2 C5<E3 C5<E4 C5<E5** C5>E6 C5<E7 C5>E8 
C6       C6>C7 C6>E1 C6<E2 C6<E3 C6<E4 C6<E5* C6<E6 C6<E7 C6>E8 
C7        C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7<E6 C7<E7 C7>E8 
E1         E1<E2 E1<E3 E1<E4 E1<E5** E1<E6 E1<E7 E1>E8 
E2          E2<E3 E2>E4 E2<E5* E2>E6 E2>E7 E2>E8 
E3           E3>E4 E3<E5* E3>E6* E3>E7 E3>E8* 
E4            E4<E5** E4>E6 E4>E7 E4>E8* 
E5             E5>E6*** E5>E7** E5>E8** 
E6              E6<E7 E6>E8 
E7               E7>E8* 





 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1 C1>C2 C1>C3 C1<C4 C1>C5 C1<C6 C1>C7 C1>E1 C1>E2 C1>E3 C1>E4 C1>E5 C1>E6 C1<E7 C1>E8 
C2  C2>C3 C2<C4 C2>C5 C2<C6 C2>C7 C2<E1 C2<E2 C2>E3 C2<E4 C2<E5 C2>E6 C2<E7 C2>E8 
C3   C3<C4 C3=C5 C3<C6 C3=C7 C3<E1 C3<E2 C3<E3 C3<E4 C3<E5 C3=E6 C3<E7 C3<E8 
C4    C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3 C4>E4 C4>E5 C4>E6 C4<E7 C4>E8 
C5     C5<C6 C5=C7 C5<E1 C5<E2 C5<E3 C5<E4 C5<E5 C5=E6 C5<E7 C5<E8 
C6      C6>C7 C6>E1 C6>E2 C6>E3 C6>E4 C6>E5 C6>E6 C6<E7 C6>E8 
C7       C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7=E6 C7<E7 C7<E8 
E1         E1<E2 E1>E3 E1>E4 E1<E5 E1>E6 E1<E7 E1>E8 
E2          E2>E3 E2>E4 E2<E5 E2>E6 E2<E7 E2>E8 
E3           E3<E4 E3<E5 E3>E6 E3<E7 E3>E8 
E4            E4<E5 E4>E6 E4<E7* E4>E8 
E5             E5>E6 E5<E7 E5>E8 
E6              E6<E7 E6<E8 
E7               E7>E8 
E8                
Hangstrup et al, 2021. Genet. Biodiv. J , 5(2); 33-52 
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Table B4: Cub 2 
Social activity 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1=C4 C1<C5 C1>C6 C1<C7 C1<E1 C1>E2 C1>E3 C1>E4 C1<E5 C1<E6 C1<E7 C1>E8 
C2   C2<C3 C2>C4 C2<C5 C2>C6 C2<C7 C2=E1 C2>E2 C2>E3*** C2>E4* C2>E5* C2=E6 C2<E7 C2>E8*** 
C3    C3>C4 C3<C5 C3>C6 C3<C7 C3>E1 C3>E2 C3>E3** C3>E4 C3>E5 C3>E6 C3=E7 C3>E8*** 
C4     C4<C5* C4>C6 C4<C7* C4<E1 C4>E2 C4>E3 C4>E4 C4<E5 C4<E6 C4<E7 C4>E8 
C5      C5>C6 C5=C7 C5>E1 C5>E2 C5>E3*** C5>E4* C5>E5* C5>E6 C5>E7 C5>E8*** 
C6       C6<C7 C6<E1 C6=E2 C6=E3 C6>E4 C6<E5 C6<E6 C6<E7 C6>E8 
C7        C7>E1 C7>E2* C7>E3** C7>E4** C7>E5* C7>E6 C7>E7 C7>E8*** 
E1         E1>E2 E1>E3* E1>E4 E1>E5 E1=E6 E1<E7 E1>E8** 
E2          E2=E3 E2>E4 E2<E5 E2<E6 E2<E7 E2>E8* 
E3           E3>E4 E3<E5 E3<E6** E3<E7 E3>E8* 
E4            E4<E5 E4<E6* E4<E7 E4>E8 
E5             E5<E6 E5<E7 E5>E8* 
E6              E6<E7 E6>E8*** 
E7               E7>E8* 
E8                
Play 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1=C5 C1=C6 C1=C7 C1<E1 C1<E2 C1<E3 C1<E4 C1<E5 C1<E6 C1<E7 C1<E8 
C2   C2>C3 C2>C4 C2>C5 C2>C6 C2>C7 C2>E1 C2>E2 C2>E3 C2>E4 C2>E5 C2>E6 C2>E7 C2>E8 
C3    C3<C4 C3>C5 C3>C6 C3>C7 C3>E1 C3<E2 C3<E3 C3<E4 C3<E5 C3<E6 C3>E7 C3>E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4<E2 C4<E3 C4<E4 C4<E5 C4<E6 C4>E7 C4>E8 
C5      C5=C6 C5=C7 C5<E1 C5<E2 C5<E3 C5<E4 C5<E5 C5<E6 C5<E7 C5<E8 
C6       C6=C7 C6<E1 C6<E2 C6<E3 C6<E4 C6<E5 C6<E6 C6<E7 C6<E8 
C7        C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7<E6 C7<E7 C7<E8 
E1         E1<E2 E1<E3 E1<E4** E1<E5 E1<E6 E1=E7 E1>E8 
E2          E2>E3 E2<E4 E2>E5 E2<E6 E2>E7 E2>E8 
E3           E3<E4 E3<E5 E3<E6 E3>E7 E3>E8* 
E4            E4>E5 E4>E6 E4>E7 E4>E8** 
E5             E5<E6 E5>E7 E5>E8 
E6              E6>E7 E6>E8* 
E7               E7>E8 
E8                
Locomotion 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1<E1 C1<E2 C1<E3 C1<E4** C1<E5* C1<E6 C1<E7* C1<E8* 
C2   C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2>E1 C2>E2 C2>E3 C2<E4* C2<E5 C2>E6 C2<E7 C2<E8 
C3    C3=C4 C3>C5 C3<C6 C3<C7 C3>E1 C3>E2 C3>E3 C3<E4* C3<E5 C3>E6 C3<E7 C3<E8 
C4     C4>C5 C4<C6 C4<C7 C4>E1 C4>E2 C4>E3 C4<E4* C4<E5 C4>E6 C4<E7 C4<E8 
C5      C5<C6 C5<C7 C5>E1 C5>E2 C5>E3 C5<E4* C5<E5 C5>E6 C5<E7 C5<E8 
C6       C6<C7 C6>E1 C6>E2 C6>E3 C6<E4* C6<E5 C6>E6 C6<E7 C6<E8 
C7        C7>E1 C7>E2 C7>E3 C7>E4* C7>E5 C7>E6 C7=E7 C7>E8 
E1         E1<E2 E1<E3 E1<E4*** E1<E5** E1<E6 E1<E7*** E1<E8*** 
E2          E2>E3 E2<E4** E2<E5* E2<E6 E2<E7* E2<E8* 
E3           E3<E4*** E3<E5*** E3<E6 E3<E7*** E3<E8*** 
E4            E4>E5 E4>E6** E4<E7 E4=E8 
E5             E5>E6* E5<E7 E5<E8 
E6              E6<E7* E6<E8* 
E7               E7>E8 
E8                
 
Inactive social 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1<C2 C1<C3 C1<C4 C1<C5 C1<C6 C1<C7 C1<E1 C1>E2 C1>E3 C1<E4 C1<E5 C1<E6 C1<E7 C1<E8 
C2   C2<C3 C2<C4 C2<C5 C2<C6 C2<C7 C2<E1 C2>E2 C2>E3 C2<E4 C2<E5 C2>E6 C2<E7 C2>E8 
C3    C3<C4 C3<C5 C3>C6 C3<C7 C3>E1 C3>E2** C3>E3** C3>E4 C3>E5 C3>E6* C3>E7 C3>E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3 C4>E4 C4>E5 C4>E6 C4>E7 C4>E8 
C5      C5>C6 C5>C7 C5>E1 C5>E2 C5>E3 C5>E4 C5>E5 C5>E6 C5>E7 C5>E8 
C6       C6<C7 C6>E1 C6>E2* C6>E3* C6>E4 C6>E5 C6>E6 C6>E7 C6>E8 
C7        C7>E1 C7>E2** C7>E3* C7>E4 C7>E5 C7>E6 C7>E7 C7>E8 
E1         E1>E2* E1>E3 E1>E4 E1>E5 E1>E6 E1<E7 E1>E8 
E2          E2<E3 E2<E4* E2<E5 E2<E6 E2<E7** E2<E8 
E3           E3<E4 E3<E5 E3<E6 E3<E7* E3<E8 
E4            E4<E5 E4>E6 E4<E7 E4>E8 
E5             E5>E6 E5<E7 E5>E8 
E6              E6<E7 E6>E8 
E7               E7>E8 
E8                
Inactive nonsocial 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2* C1>C3* C1>C4 C1>C5 C1>C6 C1>C7 C1>E1 C1>E2* C1>E3** C1>E4 C1>E5* C1>E6* C1>E7 C1>E8 
C2   C2>C3 C2<C4*** C2<C5* C2<C6** C2<C7 C2>E1 C2>E2 C2>E3 C2<E4 C2>E5 C2>E6 C2<E7 C2<E8 
C3    C3<C4** C3<C5 C3<C6* C3<C7 C3>E1 C3>E2 C3>E3 C3<E4 C3>E5 C3<E6 C3<E7 C3<E8 
C4     C4>C5 C4>C6 C4>C7* C4>E1** C4>E2*** C4>E3*** C4>E4* C4>E5** C4>E6** C4>E7* C4>E8* 
C5      C5<C6 C5>C7 C5>E1** C5>E2*** C5>E3*** C5>E4 C5>E5 C5>E6 C5>E7 C5>E8 
C6       C6>C7 C6>E1** C6>E2** C6>E3** C6>E4 C6>E5* C6>E6* C6>E7 C6>E8 
C7        C7>E1 C7>E2 C7>E3 C7<E4 C7>E5 C7>E6 C7>E7 C7<E8 
E1         E1=E2 E1<E3 E1<E4 E1<E5 E1<E6 E1<E7 E1<E8 
E2          E2<E3 E2<E4* E2<E5 E2<E6* E2<E7 E2<E8* 
E3           E3<E4 E3<E5 E3<E6 E3<E7 E3<E8 
E4            E4>E5 E4>E6 E4>E7 E4>E8 
E5             E5<E6 E5<E7 E5<E8 
E6              E6<E7 E6<E8 
E7               E7<E8 
E8                
Hangstrup et al, 2021. Genet. Biodiv. J , 5(2); 33-52 
52 
Other 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2* C1>C3 C1>C4 C1>C5 C1>C6 C1>C7 C1>E1* C1>E2 C1>E3 C1>E4 C1<E5 C1>E6* C1>E7 C1>E8** 
C2   C2<C3 C2<C4* C2<C5 C2<C6 C2>C7 C2>E1 C2<E2 C2<E3 C2<E4 C2<E5** C2<E6 C2<E7 C2>E8 
C3    C3<C4 C3>C5 C3>C6 C3>C7 C3>E1 C3>E2 C3>E3 C3>E4 C3<E5 C3>E6* C3>E7 C3>E8* 
C4     C4>C5* C4>C6 C4>C7 C4>E1** C4>E2 C4>E3 C4>E4* C4<E5 C4>E6** C4>E7* C4>E8** 
C5      C5>C6 C5>C7 C5>E1 C5<E2 C5<E3 C5<E4 C5<E5** C5>E6 C5<E7 C5>E8 
C6       C6>C7 C6>E1 C6<E2 C6<E3 C6<E4 C6<E5* C6<E6 C6<E7 C6>E8 
C7        C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7<E6 C7<E7 C7>E8 
E1         E1<E2 E1<E3 E1<E4 E1<E5** E1<E6 E1<E7 E1>E8 
E2          E2<E3 E2>E4 E2<E5* E2>E6 E2>E7 E2>E8 
E3           E3>E4 E3<E5* E3>E6* E3>E7 E3>E8* 
E4            E4<E5** E4>E6 E4>E7 E4>E8* 
E5             E5>E6*** E5>E7** E5>E8** 
E6              E6<E7 E6>E8 
E7               E7>E8* 
E8                
tereotypic pacing 
 C1 C2 C3 C4 C5 C6 C7 E1 E2 E3 E4 E5 E6 E7 E8 
C1  C1>C2 C1>C3 C1<C4 C1>C5 C1<C6 C1>C7 C1>E1 C1>E2 C1>E3 C1>E4 C1>E5 C1>E6 C1<E7 C1>E8 
C2   C2>C3 C2<C4 C2>C5 C2<C6 C2>C7 C2<E1 C2<E2 C2>E3 C2<E4 C2<E5 C2>E6 C2<E7 C2>E8 
C3    C3<C4 C3=C5 C3<C6 C3=C7 C3<E1 C3<E2 C3<E3 C3<E4 C3<E5 C3=E6 C3<E7 C3<E8 
C4     C4>C5 C4>C6 C4>C7 C4>E1 C4>E2 C4>E3 C4>E4 C4>E5 C4>E6 C4<E7 C4>E8 
C5      C5<C6 C5=C7 C5<E1 C5<E2 C5<E3 C5<E4 C5<E5 C5=E6 C5<E7 C5<E8 
C6       C6>C7 C6>E1 C6>E2 C6>E3 C6>E4 C6>E5 C6>E6 C6<E7 C6>E8 
C7        C7<E1 C7<E2 C7<E3 C7<E4 C7<E5 C7=E6 C7<E7 C7<E8 
E1         E1<E2 E1>E3 E1>E4 E1<E5 E1>E6 E1<E7 E1>E8 
E2          E2>E3 E2>E4 E2<E5 E2>E6 E2<E7 E2>E8 
E3           E3<E4 E3<E5 E3>E6 E3<E7 E3>E8 
E4            E4<E5 E4>E6 E4<E7* E4>E8 
E5             E5>E6 E5<E7 E5>E8 
E6              E6<E7 E6<E8 
E7               E7>E8 
E8                
 
 
 
